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METHOD AND DEVICE FOR DAMPING CONTROL OF OSCILLATING 
MODES OF A CONTINUOUSLY VARIABLE TRANSMISSION PROVIDED 

WITH AN ELECTRIC VARIATOR 

The present invention relates to the control of 
infinitely variable transmissions with electric 
variator . 

More precisely, its subject is a method of damping the 
oscillating modes of an infinitely variable 
transmission with electric variator, comprising a heat 
engine and at least two electric machines, as well as a 
supervising device, affording regulation of the torque 
at the wheels and of the status of the heat engine. 

This invention applies to a vehicle equipped with a 
heat engine and with an infinitely variable 
transmission with electric variator, which exhibits the 
particular feature of not comprising any coupler, 
clutch or converter, between the heat engine and the 
transmission . 

It finds a favored, but nonlimiting application on a 
transmission device of the type comprising at least two 
parallel paths for power transmission, one path 
containing a kinematic chain with fixed gearing, and 
another path containing a continuous speed variator, 
composed of two electric machines. 

The publication FR 2 823 281 discloses a device of the 
type indicated above, according to which the various 
paths are connected on the one hand to an input 
mechanical distributor linked to a mechanical energy 
source such as a heat engine, and on the other hand to 
an output mechanical distributor linked to the wheels 
of the vehicle. The input and output mechanical 
distributors, are preferably, but not necessarily, 
epicyclic gear trains. 
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The transmission described in this publication thus 
comprises two electric machines linked by an energy 
buffer element, which are integrated into a kinematic 
chain having four input and output shafts, respectively 
connected to the heat engine, to the wheels, and to the 
electric motors. 

According to a customary arrangement within the field, 
a transmission calculation unit establishes instruction 
setpoints for each actuator (the two electric machines, 
and possibly the heat engine) , making it possible to 
place the transmission on an operating point determined 
by other calculation modules called "higher monitoring 
layers", in the following four basic situations: 

"torque tracking", where the driver presses the 
accelerator: the target of the computer is a wheel 
torque and a status of the heat engine required by the 
monitor (this is the commonest case where the heat 
engine provides an engine torque) , 

"fuel cutoff", where the driver does not press the 
accelerator, and where injection is cut off to the heat 
engine and the latter provides a resistive torque; the 
target is a thermal status required by the monitor, 

"speed creeping", where the vehicle moves at low 
speed, the driver pressing neither the accelerator nor 
the brake; the target is a thermal status required by 
the monitor, and 

"torque creeping", where the vehicle moves at low 
speed, the driver pressing the brake pedal. 

The calculation unit in charge of establishing the 
instruction setpoints of each actuator must in 
particular comply with the performance specifications, 
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and must resist various disturbances, or "control 
noise" of the system, whilst affording regulation of 
the energy buffer element. 

Among these disturbances are the oscillations caused by 
all the stiffnesses lying between the engine and the 
wheels. The better the performances, the more sensitive 
to these stiffnesses are the compliance and robustness 
of the regulating of the engine power plant. 

Ignoring them restricts the performance of the 
regulating device, since excessive performance degrades 
the robustness, brings about oscillations, and leads to 
the instability of the regulating device. 



The aim of the present invention is to remove the 
oscillating effect of these stiffnesses, especially in 
the four situations indicated above, on the basis: 



of the tracking of a wheel torque reference, 

of the tracking of a heat engine status reference, 

and 

of a damping of the oscillations brought about by 
the stiffnesses of the mechanical links (damping 
flywheel, differential, shafts, etc) between the heat 
engine, the transmission and the wheels. 



With this aim, it proposes that the torque instruction 
of the electric machines be the sum of a main 
instruction making it possible to attain setpoints for 
wheel torque and torque of the heat engine, and of an 
instruction supplement intended to damp the oscillating 
modes brought about by the stiffnesses of the kinematic 
chain between the heat engine and the wheels. 



In accordance with the invention, 
supplement depends on the setpoint 
estimates of physical quantities. 



the instruction 
signals and on 
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According to another characteristic of the invention, 
this instruction supplement is calculated by a unit for 
damping the oscillating modes. 



It is added to an instruction setpoint for the electric 
machines, established by a unit for mechanical 
decoupling between the heat engine and the electric 
machines . 



According to a preferred embodiment of the invention, 
the supervising device implemented comprises a 
mechanical supervising unit affording regulation of the 
torque at the wheels and status of the heat engine, 
which groups together a mechanical determination unit, 
a mechanical regulating unit, a mechanical decoupling 
unit, and a unit for damping the torsional modes. 



Other characteristics and advantages of the present 
invention will become clearly apparent on reading the 
following description of a nonlimiting embodiment 
thereof, referring to the appended drawings, in which: 



figure 1 is an infinitely variable transmission 
type diagram to which the invention applies, 

figure 2 depicts on this diagram the stiffnesses 
modeling taken into account, 

figure 3 shows the structure of the mechanical 
supervision implemented according to the invention, and 

figure 4 is a diagram of the unit for damping the 
torsional modes . 



Represented diagrammatically in figure 1 is an 
infinitely variable transmission with electric variator 
exhibiting two parallel paths for power transmission 
between the heat engine 1 and the wheels 6, such as is 
described in publication FR 2 823 281 to which 
reference may be made. The main power path comprises a 
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kinematic chain with fixed gearing, and the so-called 
power bypass path includes the two electric machines 2, 
3 constituting the variator. In the diagram, the 
physical quantities explained below have been 
mentioned: Tice, Ti, Wice, Tel, Te2, Wei, We2, To, Wwh, 
and Tres. 

The physical quantities characterizing the overall 
behavior of the EPP equipped with its infinitely 
variable transmission with electric variator that are 
mentioned in the diagrams are as follows. 

At the level of the heat engine; 

Tice: engine torque applied to the crankshaft, 

Wice: engine status 
At the level of the damping flywheel: 

Ti: torque exchanged between the heat engine and 

the box, 

Wi: status at the output of the flywheel, 

At the level of the power bypass: 

Tel: torque of the first electric machine 2 
Wei: status of the first electric machine 2 
Te2 : torque of the second electric machine 3 
We2: status of the second electric machine 3 
Ucapa: voltage across the terminals of the energy 

storage element: 

At the level of the differential: 

Wo: status at the output of the kinematic chain 

To: wheel torque 
At the level of the wheel: 

Wwh: speed of the wheels 

Tres: resistive torque 
As indicated in a nonlimiting manner in figure 2, the 
main stiffnesses of the engine power plant of figure 1 
are assumed to be grouped together at the output of the 
heat engine and on the wheels. Specifically, these two 
stiffnesses appear explicitly in the model of the 
dynamic behavior of this engine power plant. 
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The transmission possibly being in one of the four 
situations cited (torque tracking, fuel cutoff, speed 
creeping, and torque creeping) , the transmission 
supervising device comprises a mechanical supervising 
unit adapted to these four situations. More precisely, 
it must meet, in each of them, the mechanical 
objectives of the supervision, namely the regulating of 
the wheel torque To, and of the status of the heat 
engine Wice. 

The energy objective is moreover afforded by an energy 
supervising unit (not described) , only the outgoing 
signals of which interacting with the mechanical 
supervision are mentioned: 

Uw: energy instruction which is expressed as a 
function of Tel, Te2, Wei and We2, 

ETel: estimate of the torque of the first electric 

machine, 

ETe2 : estimate of the torque of the second 
electric machine, 

The mechanical supervising unit is itself composed of 
four units or modules grouped together in figure 3, 
with the various signals which are associated with 
them: a mechanical determination unit 9, a mechanical 
regulating unit 8, a mechanical decoupling unit 7, and 
a unit for damping the torsional modes 4 . 

The mechanical determination unit 9 has the function of 
providing the state of the system to the other 
mechanical supervising units. For this purpose, it 
utilizes the measurements of status Wei, We2 of the 
electric machines 2, 3, as well as the energy 
instruction Uw, which is expressed as a function of the 
respective torques ETel, ETe2, of these machines. The 
unit 9 also utilizes a signal RTice, emanating from the 
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mechanical decoupling unit and which represents the 
engine torque setpoint sent to the computer of the heat 
engine . 

On the basis of these measurements and signals, the 
mechanical determination unit calculates the following 
quantities : 

• EWice: estimate of the engine status, 
. ETo: estimate of the wheel torque, 

EWel and EWe2 : estimates of the statuses of the 

electric machines, and 

an estimation vector Xf, which comprises the above 
estimates, as well as ETi estimate of the torque Ti 
exchanged between the engine and the box, an estimate 
of the speed at the wheels EWwh, an estimate of the 
heat engine frictional torque Etdice, and an estimate 
of the frictional torque at the wheel ETres . 

The vector Xf is therefore of the form: 

Xf= [EWice, EWwh, EWel, EWe2, ETi, ETo, ETdice, ETres] 

This vector contains an estimate of the state of the 
transmission as a whole, in interaction with the heat 
engine and the wheels. This estimate is destined for 
the other units of the mechanical supervision. The 
calculation of these estimates as a whole is made 
possible by virtue of the known techniques for 
observing and estimating dynamic systems, and is based 
on a standard mathematical model of the dynamic 
behavior of the engine power plant. 

The mechanical regulating unit calculates two 
intermediate control signals vl and v2, on the basis of 
the engine status reference RWice, wheel torque 
reference RTo, engine status estimate EWice and wheel 
torque estimate (ETo) : 
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• the signal vl is calculated by a regulator on the 
basis of the thermal status setpoint RWice and of the 
estimate of the thermal status EWice 

• the signal v2 is also calculated by a regulator on 
the basis of the wheel torque setpoint RTo and of the 
estimate of the wheel torque ETo. 



The parameters of these two regulators are adjustment 
parameters for the mechanical regulating unit, which 
determine the degree of performance of the tracking of 
the setpoints RWice and RTo by the quantities Wice and 
To . 



The mechanical decoupling unit 7 calculates an 
instruction Uol and a setpoint RTice for the heat 
engine torque on the basis of the intermediate 
instructions vl and v2 of the estimation vector Xf 
emanating from the mechanical determination unit. This 
instruction ensures the tracking of the setpoints RWice 
and RTo, but cannot by itself deal with the damping of 
the oscillations brought about by the mechanical 
stiffnesses . 



Finally, the unit for damping the torsional modes 4 
(UAM) , which calculates an instruction supplement Urn 
which is added to Uol: Urn depends on the signals RWice, 
RTo and on the vector Xf . The instruction Uol is 
converted into electrical control torques Tel and Te2 . 



As indicated above, one of the essential 
characteristics of the solution proposed relates to the 
unit for damping the torsional modes (UAM) . This unit 
provides an instruction supplement Um, damping the 
oscillating modes brought about by the stiffnesses. 
This instruction gets added to the instruction Uol 
calculated by the mechanical decoupling unit, to obtain 
the final instruction Uo . 
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In accordance with the invention, the signal Urn is the 
result of a linear combination of the elements of Xf, 
namely of estimates .of physical quantities, and 
setpoint signals RWice and RTo. 



Figure 4 explains this calculation, and brings in 
various weighting parameters ai and bj . As indicated in 
this figure, the instruction Urn has two components, Umc 
and Ume, such that Urn = Umc + Ume : 



Umc is a linear combination of the setpoints RWice 
and RTo: 

Umc = al RWice + a2 RTo, and 

Ume is a linear combination of the components of 

the vector Xf : 

Ume = bl EWice + b2 EWwh + b3 EWel + b4 EWe2 + B5 ETi + 
b6 ETo + b7 ETdice + b8 ETres. 

The coefficients ai and bj are mapped as a function of 
the operating point of the vehicle. Their value can be 
calculated on the basis of various algorithms well 
known in the state of the art in automation (pole 
placement, energy optimization, robust control, etc.). 
They also constitute fine-tuning parameters for 
calibrating the unit for damping the oscillating modes. 

The invention has numerous advantages. In each of the 
situations on the move: torque tracking, fuel cutoff, 
speed creeping and torque creeping, the solution 
proposed has the advantage of dealing with the 
oscillations brought about by the various mechanical 
stiffnesses. The instruction delivered by the unit for 
damping the torsional modes, Urn gets added to the 
instruction Uol to give a final instruction Uo which 
makes it possible to act on the electric actuators to 
damp the oscillations. 
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Failure to deal with the stiffnesses leads in fact to 
mediocre benefit in the vehicle, as the mechanical 
regulating must ensure high performance in terms of the 
tracking of engine status setpoint, and of wheel 
5 torque. 

The calculation of Urn performed in the unit of damping 
the torsional modes, has the advantage finally of 
relating to estimates of physical quantities, this 
10 being of importance for fine-tuning. 



